Abstract: Hepatocellular carcinoma (HCC) belongs to the most frequent tumors worldwide with an incidence still rising. Patients with cirrhosis are at the highest risk for cancerogenesis and are candidates for surveillance, and here, as well as for the choice of potential forms of treatment, identification of suitable parameters for estimating the prognosis is of high clinical importance. The aim of this study was to describe the etiology of underlying liver disease and to identify predictors of survival in a large single center cohort of HCC patients in Southern Germany. Clinicopathological characteristics and survival rates of 458 patients (83.6% male; mean age: 62.5±11.2 years) consecutively admitted to a University Hospital between 1994 and 2008 were retrospectively analyzed. The results indicate that chronic alcohol abuse was the most common risk factor (57.2%), followed by infection with hepatitis B and C viruses (HBV: 10.9% and HCV: 20.5%). Overall median survival was 19.0 months, and higher OKUDA, CHILD and CLIP scores correlated negatively with prognosis. Of these, only the CLIP Score was an independent predictor in multivariate analysis. We conclude that chronic alcohol abuse is frequently associated with HCC in low hepatitis virus endemic areas, such as Germany. Our study suggests the CLIP score as a valuable prognostic marker for patients' survival, particularly of patients with alcohol related HCC.
Introduction
Despite new therapies and attempts at early detection of primary liver cancer, the by far most common form, hepatocellular carcinoma (HCC), remains a disease with a poor prognosis and a yearly fatality ratio close to 1.0 [1] . The mortality rates are accordingly high in relation to incidence -worldwide HCC has the 5 th highest cancer incidence but the 3 rd highest cancer mortality [2] . In Europe, which is considered as a low-endemic area, HCC was estimated to be the 14 th most common cancer in 2006 but had the 7 th highest mortality [1] .
The regional differences in prevalence mostly reflect the different incidence of chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) [3] . In most of the Asia-Pacific regions as well as in Africa endemic HBV is the most important etiological factor, with the notable exception Japan, where HCV is by far the most common risk factor. Within Europe there are also differences with regard to etiology. In Southern Europe viral etiology accounts for as much as 76% of HCC cases [4] while in Central and Northern Europe HBV or/and HCV infections are present in only about half of patients [5] [6] [7] . Notably, etiology of HCC is not static as the rate of HCV is increasing in Europe [8] , HBV prevalence is decreasing in Asia [1] , and emerging etiological factors such as non-alcoholic steatohepatitis (NASH) will play a greater role in the future. This underlines the need for frequent reassessment of HCC risk factors as one central key to improve screening and prevention pro-Int J Clin Exp Med 2010; 3(2):169-179 grams.
The aim of the present study was to describe the etiology, clinicopathological characteristics and survival rates of HCC, and to identify predictors of survival, respectively, in a single-centre cohort of 458 patients in Southern Germany.
Patients and methods

Demographic and clinical patient data
The medical records of 458 HCC patients who had been consecutively admitted to the University Hospital Regensburg between 1994 and 2008 were analyzed retrospectively.
Diagnosis of HCC was based on histology in 396 (86.5%) of cases, and in 2 cases (0.4%) on the cytology of ascites, respectively. In the remaining 60 cases (13.1%) the diagnosis was defined by a combination of increased AFP and imaging of a liver lesion consistent with HCC (ultrasound confirmed by either computer tomography [CT] or magnet resonance imaging [MRI] ).
A series of demographic and clinical data were collected including etiology of liver cirrhosis. Alcohol abuse as an etiological factor for HCC was defined as chronic alcohol consumption of > 60 g/day for more than 10 years or when a history of alcohol abuse was noted in the patient's records. HBV and HCV status were collected from the medical records or when information on these was incomplete, from the primary physicians of the patients. Patients with uncertain HBV/HCV status (n=57) were excluded from analyses involving etiological factors.
The diagnosis of cirrhosis was based either on histology (n=283) or on unequivocal clinical signs (ascites, typical sonographic appearance suggestive of cirrhosis, hepatic encephalopathy, esophageal varices and/or other clinical signs of portal hypertension; n=64). In 229 of these 347 cirrhotic patients sufficient data were available to calculate Child scores or Child score was documented in the records, respectively.
Serum parameters
The following serum laboratory parameters were extracted from the medical records of the patients at the time of diagnosis and were considered only if no invasive (e.g. liver biopsy) or medical procedures (e.g. dialysis, fresh frozen plasma (FFP) transfusion) with a possible confounding effect had been performed shortly before blood drawing: α-fetoprotein (AFP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (γ-GT), albumin, prothrombin time (PT) according to Quick, bilirubin, lactatedehydrogenase (LDH), choline esterase (CHE) and platelet count.
Tumor characteristics and tumor staging
Morphological characteristics of the tumor were recorded based on reports from pathological or radiological examinations including diameter of the largest tumor lesion, number of liver segments involved (according to Couinaud), portal vein thrombosis, and tumor appearance (solitary, bifocal or multifocal/diffuse).
The T category was noted separately, either defined histomorphologically in cases with hepatic resection, or transplantation (pT), or -if possible -clinically, as defined by clinical and radiological information at the time of diagnosis (cT). The presence of regional lymph node metastases was noted being positive when enlarged lymphatic nodes were detected by CT/MRI. Further, distant metastases (M), peritoneal carcinosis and Edmondson-Steiner grading (G) were documented [9] .
Stage of HCC was evaluated according to the Cancer of the Liver Italian Program CLIP [10] and OKUDA [11] scoring systems. In brief, the CLIP Score takes into account Child Pugh Class, tumor morphology, AFP serum level and the presence of portal vein thrombosis to calculate a score of 0-6 (0: early stage, 1-3: intermediate stage, and 4-6: advanced stage). The OKUDA staging system uses tumor size, ascites, albumin and bilirubin levels to stratify HCC patients in 3 groups: OKUDA Stages I, II and III. OKUDA Stages and CLIP Scores were either taken from the records or calculated if sufficient data were available.
Survival data
Survival data were acquired from clinical records or by contacting the patient's primary physician by telephone call or fax. For 308 cases survival data were cross-checked with informa-tion from the death register of the registration office. Thus, a complete follow-up was possible in 364 cases. Mean time of follow up was 18.7 (0-133) months.
Statistical analysis
Statistical analysis was conducted with SPSS 15.0. Numerical data are presented as means ± standard deviations and compared by one-way analysis of variance (with Bonferroni correction for multiple comparisons) unless noted otherwise. Categorical data are presented as counts and percentages and assessed by Chi-Square tests. Patient survival was calculated and plots were constructed using the Kaplan-Meier method. Univariate analysis of prognostic variables was performed by the log-rank test and multivariate analysis by a Cox proportional hazards model. Reported p values are two-sided and are considered significant if p <0.05.
Results
Patient characteristics
Patient characteristics were evaluated for the entire cohort ( 
Etiology of HCC
The risk factors for HCC are summarized in Figure 1. The by far most common etiological factor was chronic alcohol abuse, which was identified as sole risk factor in 214 (57.2%) patients. Further, alcohol abuse was an additional risk factor in 19 (5.0%) patients with concomitant hepatitis C (n=14 (3.7%), or hepatitis B (n=5 (1.3%) infection.
The second most frequent risk factor was HCV infection, which was identified as a sole risk factor in 58 (15.5%) patients and as concomitant factor in another 19 (5.0%) cases (in 14 (3.7%) cases together with alcohol and in 5 (1.3%) with HBV). The third most common etio- 
Analysis of serum parameters
AST, ALT, γ-GT, albumin, bilirubin, LDH, choline esterase serum levels as well as prothrombin time (PT) according to Quick and platelet count at the time of HCC diagnosis are summarized in Table 2 . None of these parameters varied significantly between patients with chronic alcohol abuse and other HCC risk factors (data not shown).
AFP values at the time of diagnosis were available of 352 HCC-patients. In approximately one third of these patients (n=126; 35.8%) AFP serum levels were within the normal range (<10 ng/ml) irrespective of the genesis of liver disease. In nearly another third (n=106; 30.1%) AFP levels were higher than 500 ng/ml, e.g. in a range that may be considered as "diagnostic" for HCC [12] . The rest (n=120; 34.1 %) revealed AFP levels between 10 and 500 ng/ml.
Distribution of AFP serum levels according to the etiology of underlying liver disease is depicted in Figure 2 . This analysis focused on the major etiological factors: alcohol abuse and HBV or HCV infection, and thus, 241 patients with documented AFP levels. Interestingly, the proportion of patients with HBV related HCC and AFP levels above 500 ng/ml (42.9%) was significantly higher than in the groups of HCV-or alcohol-related HCC (18.2% and 32.4 %, respec- Figure 2 . AFP serum levels at the time of diagnosis according to major etiologies. Data reflect a total of 241 patients who had (1) documented AFP levels at the time of diagnosis and (2) only one of the three major etiological factors: alcohol abuse or chronic hepatitis B (HBV) or hepatitis C (HCV) as a solitary risk factor. AFP levels are classified as normal (<10 ng/ml), moderately elevated (10-500 ng/ml) or considerably elevated (>500 ng/ml). Int J Clin Exp Med 2010; 3(2):169-179 tively; p<0.01).
Tumor characteristics
Characteristics of primary hepatocellular tumors are summarized in Table 3 . Most tumors presented as solitary lesions (53.4%) and the majority of tumors were restricted to one or two liver segments (69.0%). Only 32 (9.8%) of tumors were smaller than 20 mm, while the majority (n=127, 39.3%) were determined to be between 21 and 50 mm in size at the time of diagnosis. At the time of HCC diagnosis 59 (12.9%) patients revealed radiological signs of lymph node involvement, and 32 (7.0%) patients had distant metastases (the most common of which were lung (50%) and bone (23%) metastases, data not shown Table 4 summarizes the treatment modalities of the HCC patients of our cohort. In 142 patients primary therapy was hepatic resection, and in 7 (1.5%) of these patients resection was followed by a liver transplantation, while in 11 (2.3%) of cases a second resection was necessary after HCC recurrence. In 36 patients (7.9%) primary liver transplantation was performed. Overall, 178 patients (38.9%) received surgical treatment with curative intention. From the remaining patients, 93 (20.3%) received local ablative therapy (transarterial chemoembolization (TACE) or radio-frequency ablation (RFA)), while in other 93 (20.3%) of cases no specific therapy was applied. Chemotherapy alone (mostly with tamoxifen, but also with octreotide and sorafenib) was chosen in 50 (10.9%) cases, while in 20 (4.4%) patients local ablative therapy was followed by chemotherapy. 9 patients (2.0%), who rejected chemo-/or local ablative therapy, participated in a multicenter study and received a thymus gland extract (thymophysin), and 8 patients (1.7%) were treated with a combination of various local ablative therapies. Percutaneous ethanol injection alone was performed in 7 (1.5%) cases. Overall, 187 patients (40.8%) received specific palliative therapy and 93 pa- (Figure 3 ).
Treatment modalities
The following 12 clinicopathological and laboratory characteristics were associated with a significant reduction of survival on univariate analysis (Table 5 ): age>62 years, ascites on ultrasound at the time of diagnosis, lymph node involvement, distant metastases, histolopathological grading, portal vein thrombosis, multifocal lesions, larger tumor size, higher AFP levels, bilirubin > 2.0 mg/dl, albumin <35 mg/dl, and prothrombin time (PT) according to Quick < 70%. Further, higher OKUDA and Child stages correlated negatively with prognosis, and an even stronger negative correlation was observed between the CLIP score and survival ( Figure 4) . Thus, patients with CLIP scores 0, 1, 2 and 3 had median survival rates of 29, 24, 8 and 3 months, respectively.
On multivariate analysis (Table 6 ) six variables remained independent predictors of (shorter) survival: age > 62 years, poorer histolopathological grading, multifocal tumor, portal vein thrombosis, higher AFP and bilirubin serum levels. When the OKUDA, CHILD and CLIP scores were entered in a multivariate model, only the CLIP score remained an independent predictor of survival (model not shown)
Discussion
The aim of this study was to investigate the characteristics of a large series of HCC patients in Southern Germany. We studied a total of consecutive 458 patients consecutively administered to a single University Hospital Center, and herewith, this study represents one of the most comprehensive investigations of HCC patients in Europe. Notably, in the majority of cases chronic alcohol abuse was identified as underlying cause of liver disease and risk factor for HCC, respectively. This finding is in contrast to most studies in other European countries, where viral hepatitis has been identified as major risk factor. Thus a large study from Italy reported that 87.5 % of HCC patients had positive serological markers for HBV or HCV infection [13] , and also in Austria [7] and Belgium [5] viral etiology was predominant in more than 50% of cases. In a Turkish study 71 % of HCC patients revealed viral hepatitis [14] , and still, in a study from Northern German HCC was associated with HBV or HCV in more than 50% of cases [15] . Only in Portugal viral infection was the second most frequent HCC risk factor in 41% of HCC cases, while chronic alcohol abuse was the most important cause of underlying liver disease [16] , similarly to our study. Together, these data point to strong differences regarding viral hepatitis on the one hand and chronic alcohol abuse on the other hand as risk factors for HCC. One reason for this variation may be a different prevalence of chronic viral hepatitis. Thus, the prevalence of HBV surface antigen (HBsAg) in the general Germany population was found to be 0.62% [17] while the HBsAg prevalence in Italy is 1.0% [18] . Similarly, anti-HCV prevalence in Germany (0.63%) is approximately 4-fold lower than in Italy (2.6%) [18, 19] .
Further, one may speculate whether different frequency or extent of chronic alcohol abuse in the general population account for the relatively high percentage of alcohol-related HCC cases in our study. However, a comprehensive study [20] found that in general, mean ethanol consump- Figure 4 . Kaplan-Meier survival curve of patients stratified according to CLIP score. Comparison of patients with CLIP scores 0-3 provided validation of the excellent prognostic power of the CLIP score (as best predictor) in our study population. This analysis was based on total of 242 patients where complete data was available to calculate the CLIP scores 0-3. Table 6 . Multivariate analysis of prognostic factors for survival of HCC patients
To identify independent predictors of survival we included all significant predictors on univariate analysis in a Cox proportional hazards model. The contribution of variables was assessed in a backward-stepwise fashion after the maximum-likelihood method. The overall significance of the model was < 0.001. tion is even higher in North Germany than in South Germany although the percentage of alcohol-related HCC in our study was higher than in one from North Germany [15] . On the other hand one has to consider that even within Bavaria, where most of the patients of our study lived, there is a strong heterogeneity among patients coming from urban versus more rural regions. To the latter belongs the region near to the previous "iron curtain" at the border to the Czech Republic, known to have higher rates of behavioral health risk factors including alcohol consumption [21] .
In contrast to the cause of underlying liver disease, the extent of liver damage, e.g. the high rate of cirrhosis (85.2%), in our study is very similar to other European studies [7, 15, 16] and reinforces that in Europe HCC develop predominantly in cirrhotic livers. In almost all (97.5%) patients with HCV chronic infection HCC was found in a cirrhotic liver while only approximately two-third (73.3%) of patients with HBV related HCC revealed liver cirrhosis (data not shown). These numbers are similar as in other European studies [15] and are in accordance, respectively, with studies in China, that report both the highest proportion of HBV related HCCs [1] and the lowest proportion of HCC in cirrhosis [22] . We further found, that patients with HBVrelated HCC were significantly younger than patients with other etiologies (55.8 ± 15.9 vs. 62.6 ± 8.9 (alcohol), 64.0 ± 9.9 (HCV), p<0.01). This finding parallels previous studies [23, 24] and possibly reflects an early time of infection, and herewith, longer duration of liver disease as compared to patients with alcohol-associated HCC and later onset of chronic alcohol abuse. [27] , and in Taiwan (26.8 months) in a cohort of patients undergoing hepatic resection [28] . Also in our study approximately one third of patients underwent liver resection or transplantation, respectively, and more than 80% of HCCs have been diagnosed at a relatively earlier stage, e.g. CLIP score 0-2.
In our study no complete survival information was available for 20.5 % of patients. This results from the difficulty of obtaining long-term survival data in retrospective studies in a country with no centralized cancer register. Yet, this is a relatively low share and is unlikely to bias results.
Multivariate analysis identified six independent negative predictors of survival of HCC patients at the time of diagnosis, one of which was age. This has to be noted, since although HCC is a disease occurring in the elderly, and age is commonly not included in prognostic analysis, older HCC patients have significantly worse survival. Poorer histopathological grading was an independent predictor of survival, which indicates that the degree of tumor differentiation also has a unique impact on survival. Interestingly, a multifocal growth pattern rather than tumor size was another independent predictor. Further, portal vein thrombosis, indicative of advanced disease, appeared as independent risk factor with generally no curative treatment options. Although one third of patients revealed AFP levels in the normal range at the time of diagnosis, higher AFP levels remained a significant predictor of survival also on multivariate analysis. This indicates that AFP may be suitable as a prognostic marker but underscores the limited use of AFP as a screening tool. Finally, serum bilirubin was found to be a predictor of HCC survival, while serum albumin and prothrombin time were predictors only on univariate analysis.
Notably, we validated the superior predictive power of the CLIP score over the OKUDA and the Child-Pugh staging system regarding patients' survival. The CLIP score was developed in a viral-related HCC setting [10] , and has been prospectively validated in a cohort of HCC patients with predominantly HCV etiology [29] . To the best of our knowledge our study is the first, which validates the CLIP score in a representative HCC cohort with chronic alcohol abuse as chief etiological factor. This difference in etiology is important, since a large Chinese HCC study [30] revealed that the CLIP score is of poor predictive power in HBV related HCCs, which indicates that there are even differences between HBV and HCV related HCC. Furthermore, it has been shown that the survival rate of viral marker-negative HCC is lower than in HBV or HCV-related HCC cases [31] . This was similar in our study although differences did not reach statistical significance. Thus, for example median survival rates were 18 months for alcohol-related HCC (95% CI: 12.1-23.8) vs. 25 months (95% CI: 7.4-42.6) for HCV-related HCC (p=0.722).
In conclusion, our study reveals that chronic alcohol abuse is frequently associated with HCC in a low hepatitis virus endemic area such as Germany. Further, it promotes the CLIP score as a very good prognostic marker for patients' survival also for patients with alcohol related HCC.
